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Abstract 


Rain attenuation is a major source of impairment to signal degradation at millimetre wave bands 
above 10 GHz. This research work determines the extent of signal degradation due to rainfall 
on terrestrial radio links within Minna and Lapai. The meteorological rainfall data collected 
from the Automatic Weather Stations installed at the Federal University of Technology, Minna, 
and at Ibrahim Badamasi Babangida University, Lapai, for a period of 3 years (2011-2013) 
were used to computate the rainfall attenuation on Microsoft Excel spreadsheets. The 
Lavergnat-Gole (LG) model was used for the conversion of cumulative distributions of rainfall 
of 5-min to 1-min integration time in Minna and Lapai respectively. The LG model was used 
to estimate the rain attenuation in the two stations at a frequency range of 10-18 GHz. The 
relationship between rain rate and specific attenuation was studied using three years rainfall 
data. It was observed that a power-law relationship exists between rainfall rates of different 
integration times. The results for the rain rate exceeded for 0.01% of time, show that the 
horizontal polarisation experiences more degradation than the vertical polarisation. The results 
also show that specific and total attenuations increase with increasing operational frequency, 
and are polarisation-dependent. These results would be useful for planning terrestrial radio 
networks within the study area. 
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I. INTRODUCTION 


RÈ attenuation is primarily the absorption and scattering 
of a microwave RF signal by atmospheric snow, ice, rain 
and losses which are particularly common at frequencies 
above 10 GHz [1]. The major factor of attenuation of 
frequencies above 10 GHz is rain, particularly in humid 
climates countries such as Nigeria which experiences high 
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intensity of rainfall and large presence of very wide rain drops 
in the wet season; and the intense of rain impairments becomes 
larger with frequency and display anomalies in various places 
[2] - [3]. Rain attenuation in the microwave band is presently 
considered most important factor in designing terrestrial radio 
wave communication links at frequencies above 10 GHz. 

The prediction of rain degradation normally begins from 
known point rainfall rate statistics, considering the horizontal 
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and vertical configuration of rain cell using climatologically 
data [4], [5], [6], [7] and [8]. These data can be used to 
determine the loss of signals by rain with the use of physical 
and statistical modeling methods. Attenuation forecast 
methods were centered on locations of elevated latitude such 
as Europe, East Asia and United States [9]. These models were 
exploit in tropical (equatorial) regions like, Malaysia [10], 
Japan [11], Nigeria [12] and [13], however, they do not reveal 
the precise environment of predicted outcome of the 
attenuation occurrence. 

Consequently, the forecast of rain attenuation within this 
tropical cities of Minna and Lapai are necessary to analyse 
signal strength fluctuations at given frequencies above 10 
GHz, and the study of the impact of variation on 
meteorological parameters of the atmosphere has become 
imperative for improving signal propagation in rain conditions 
and to support the design of stable free-air communication 
systems [14]. 


A. Study Area 


Define Minna is capital of Niger State. It lies between latitude 
09° 24' N to 09° 44' N and longitude 06° 25' E to 06° 45' E, 
and Lapai lies between latitude 09°3'N and longitude 
06° 3' E (Fig. 1). The study area is part of the North-Central 
part of Nigeria. The areas experiences distinct wet and dry 
seasons with annual rainfall varying from 1,100 mm 
to 1,600 mm. The wet seasons last for about 180 days in the 
northern parts to about 120 days in the southern parts of the 
state [15]. 

The maximum temperature is recorded usually between 
March and April which is usually not more than 37 °C, while 
the minimum is usually between December and January which 
is usually not more than 19°C, due to harmattan. The 
inhabitants in the study area are mainly civil servants and 
farmers. 


NIGER STATE 


Fig. 1 Map of Nigeria showing Minna (GIS Maps) 


II. METHODS 


A. Source of Data 


Data for this study were collected using the Automatic 
weather stations installed at Federal University Technology, 
Minna, and Ibrahim Badamasi Babangida University, Lapai, 
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Niger State, Nigeria. The meteorological rainfall data span 
2011-2013 (3 years) obtained from the stations has an 
integration time of five minutes interval. 


B. Other Recommendations 


The model adopted by [16] was used to investigate the rain 
attenuation of terrestrial microwave signal within Minna and 
Lapai, Niger State respectively. The steps used in [16], which 
are valid at least for frequency up to 40 GHz and lengths up 
to 60 km, were also implemented as discussed in sections i- 
iv. Therefore, the LG model is suggested as the best model for 
converting rain rate of 5 minutes integration time to 
1 minute integration time in the study areas. 

i. Conversion of rain rate 

Step 1: According to [16], conversion of rainfall rate from 
a given integration time to another can be achieved using (1). 


P,(R,) = h? x Pr (Rr) (1) 
R= (2) 
h=2 (3) 


Where, z = 0.143 for tropical region [17], R4 = rain rate at 
one minute integration time, Rr = rain rate at T minute 
integration time, P) = percentage probability of time 
exceedance at | minute, Pp = percentage probability of time 
exceedance at T minute, h = conversion factor, t, = 
integration time at which the rain rate is required and tr = 
integration time at which the rain rate is available. 


ii. Calculation of attenuation 
Step 2: The attenuation per kilometer, called specific 
attenuation, y, is calculated using [18]: 


¥(0.01) = kR(o.01) (dB/km) (4) 
1 

To.01 = mE (5) 

Lo = 35e7°015 R 0.01) (6) 


Where, 79.9; = correction factor, k and œ = regression 
coefficients [18], L, = rain rate dependent factor, L = path 
length of the terrestrial microwave link, Roo; = rain rate at 
0.01 percentage of time exceedance. 


iii. Calculation of effective path length 


Step 3: The effective path length, Ler is expressed as: 


1 
Leff = =r 
eff =L*X re (7) 
Lo 
iv. Calculation of total attenuation 


Step 4: An estimate of the total path attenuation exceeded 
for 0.01% of the time is given by: 

Aoo1 =Y X Leff (8) 

Table I shows a summary of regression coefficients for both 
horizontal and vertical polarisations used for the conversion 
process, as available from the literature [18]. The rain 
attenuation values are measured and recorded in dB/km and 
the rainfall rate is measured in mm/h. 
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TableI Values of constants “k” and “a”. 

Freq. (GHz) —_ Kyorizontat Qyorizontal Kvertica Avertica 
10 0.0122 1.2571 0.0113 1.2156 
11 0.0177 1.2140 0.0173 1:1617 
12 0.0239 1.1825 0.0246 1.1216 
13 0.0304 1.1586 0.0327 1.0901 
14 0.0374 1.1396 0.0413 1.0646 
15 0.0448 1.1233 0.0501 1.0440 
16 0.0528 1.1086 0.0590 1.0273 
17 0.0615 1.0949 0.0680 1.0137 
18 0.0708 1.0949 0.0680 1.0025 


III. DISCUSSION OF RESULTS 


The relationship between rain rate statistics at different 
integration times has been studied using the data obtained 
from the Automatic Weather Stations installed at the Federal 
University of Technology, Minna, and at Ibrahim Badamasi 
Babangida University, Lapai, for a period of 3 years (2011- 
2013). Rain-induced attenuation and signal degradation 
experienced on terrestrial links in Minna and Lapai are 
presented under the following; Rain-induced Signal 
Degradation for Minna, Rain-induced Signal Degradation for 
Lapai and Comparison of Station Attenuation values. 


A. Rain-Induced Signal Degradation for Minna 


The cumulative distributions of the rain rate for 1-min and 
5-min integration times are shown in Fig. 2 and 5, which 
shows that for the same percentage of time of exceedance, as 
the integration time increases, the rainfall rate increases. 

Fig. 2, 3, 4 and 5 show rain-induced signal degradation 
experienced in Minna and Lapai respectively. The results 
show that vertical polarisation is more effective and less 
attenuated than the horizontal polarisation in signals transfers. 
The result shows that due to attenuation induced by rain which 
is experienced at frequencies above 10 GHz, terrestrial radio 
communication links may perhaps not be achieved at 99% 
availability, which is equivalent to 0.01 % time exceedance to 
conform to the strict communication Quality of Service 
requirement [19]. 

Fig. 2 shows the cumulative distributions of rainfall rates 
plotted at 5 and 1 minute integration times. The cumulative 
distribution of rain rate is converted from 5 minutes to 
1 minute integration time using L-G rain rate conversion 
model. Fig. 2 shows that at about 0.01% of time exceedance, 
the rain rate is 70 mm/h and 88.12 mm/h for 5 minutes and 
1 minute integration times respectively. Also at 0.001% of 
time exceedance, the rain rates are 125 mm/h and 
157.35 mm/h for 5 minutes and 1 minute integration times 
respectively. This is a clear indication that the conversion of 
rain rate from higher integration time to lower integration time 
cannot be achieved ordinarily by considering their ratios. 
More so, higher rain rates are recorded for lower integration 
time and lower percentage of time exceedance. 
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Fig. 2 Rainfall rate for Minna at percentage exceedance 
(0.001 — 1%) 


Fig. 3 shows specific attenuation (dB/km) which is 
determined at 0.01 %of time exceedance. The specific 
attenuation values for Minna station present a rapid increase 
in attenuation of about 3.50 dB/km to 8.99 dB/km between 
10 GHz and 18 GHz for horizontal polarisation. On the other 
hand, the vertical polarisation has less attenuation values of 
about 2.61 dB/km and 6.87dB/km between 10 GHz 
and 18 GHz. This is an indication that the specific attenuation 
increases with increasing frequency above 10 GHz, and it is 
higher for horizontal polarisation compared to vertical 
polarisation. This result is in agreement with the results 
obtained by [13] and [20]. 
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Fig. 3 Specific attenuation in Minna against frequency at 
0.01% exceedance 


Fig. 4 shows the level of propagation impairment due to 
signal attenuation that exists over a 10 km supply link 
distance at 0.01% exceedance in Minna. The result represents 
large values of attenuation at about 10 GHz frequency up to 
18 GHz and a strong indication that fading of the wave is due 
to rain drops interferences. The total rain-induced attenuation 
increases with increasing operating frequency with more 
attenuation expected for horizontal polarisation. These results 
are in agreement with [20], [21] and [22]. 
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Fig. 4 Total attenuation in Minna against frequency at 0.01% 
exceedance 


B. Rain-Induced Signal Degradation for Lapai 


Fig. 5 shows the cumulative rain rate distribution plotted for 
Lapai. The estimate for the rainfall rate exceeded at 0.01% of 
the time is 22.66 mm/h, while equivalent estimates for the 
other time percentage are 56.65 and 47.83 mm/h for 
0.0001% and 0.001% respectively. The results reported in 
this study are in line with works of [12] and [13]. 


Rainfall Rate (mm/hr) 


0.0001 


0.001 0.01 0.1 1 
Probability of Time Exceedance (%) 

Fig. 5 Rainfall rate for Lapai at percentage exceedance 
(0.001 — 1%) 
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Fig. 6 Specific attenuation in Lapai against frequency at 
0.01 % exceedance 


Fig. 6 shows specific attenuation (dB/km) determined at 
0.01% of time exceedance at Lapai. Attenuation values were 
observed for Lapai at minimum of about 0.93 dB/km at 
10 GHz and increases to a maximum of 2.95 dB/km at 
18 GHz for horizontal polarisation. The vertical polarisation 
has less attenuation values of about 0.75 dB/km at 10 GHz 
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and maximum 2.45 dB/km at 18 GHz. This is an indication 
that the specific attenuation also increases with increasing 
frequency above 10 GHz, and it is higher for horizontal 
polarisation compared to vertical polarisation. These results 
are in conformity with works of [21] and [22]. 


Fig. 7 above shows that at 0.01 %exceedance, total 
attenuation have large values of attenuation from 14 GHz 
frequency up to 18GHz indicating fading in the 
communication links encountered during transmission of 
signal at high frequencies (above 10 GHz). 
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Fig. 7 Total attenuation in Lapai against frequency at 0.01 % 
exceedance 


C. Comparison of Station Attenuation Values 

Fig. 2, 3, 5 and 6 indicates some noticeable peculiarities with 
the two stations studied. Fig. 2 and 5 show that at 0.01% of 
time exceedance, specific attenuations are high in Minna 
accounting for 8.99dB/km in value over Lapai with 
2.95 dB/km respectively for horizontal polarisation, with 
Minna at 6.87 dB/km and Lapai at 2.45 dB/km for vertical 
polarisation respectively at 18 GHz operational frequency. 
Fig. 4 and 6 represent total attenuations at 0.01 % of time 
exceedance, with Minna accounting for higher value of about 
89.70 dB/km and Lapai at lower value of about 29.45 dB / 
km respectively for horizontal polarisation, while for vertical 
polarisation, Minna account for 68.48 dB/km and Lapai at 
24.39 dB/km respectively at 18 GHz operational frequency. 
The results indicate that Minna station accounts for the largest 
and about three times higher attenuation values than Lapai due 
to intense rainfall and therefore experience higher attenuations 
resulting to loss of signals. 


IV. CONCLUSION 


The rain rate and rain attenuation measurements over Minna 
and Lapai, Niger State, Nigeria has been investigated and the 
results revealed that Minna station experiences higher 
attenuation than Lapai station (with 0.01% time exceedance) 
which are characterised by availability of 99.999 to 99.9 % for 
attenuation induced by rain which is experienced at 
frequencies above 10 GHz, terrestrial radio communication 
links, which is equivalent to 0.01% time exceedance to 
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conform to the strict communication quality of service 
requirement. Also the LG model was used of for the 
estimation of rain rate and attenuation for both stations from 
2011-2013 at a frequency range of 10-18 GHz. Results 
obtained for rainfall rate for Minna and Lapai at percentage 
exceedance (0.001-1%), revealed that at 0.01% of time 
exceedance, specific attenuations are high in Minna 
accounting for 8.99dB/km in value over Lapai with 
2.95 dB/km for a horizontal polarisation, and Minna at 
6.87 dB/km and Lapai at 2.45dB/km for vertical 
polarisation respectively at 18 GHz operational frequency. 
Similarly the results presented for total attenuation in Minna 
and specific attenuation in Lapai at 0.01 % of time 
exceedance, with increase in frequency, shows that Minna 
accounts for a higher value of attenuation, about 89.70 dB/ 
km and Lapai at lower value of about 29.45 dB/km for 
horizontal polarisation, while for vertical polarisation, Minna 
account for 68.48dB/km and Lapai at 24.39dB/km 
respectively at 18 GHz operational frequency. In summary, 
the results indicate that Minna station accounts for the largest 
and a three times higher attenuation values than Lapai, due to 
intense rainfall and thus experience higher attenuations 
resulting to loss of signals. These results has significant 
implications on radio propagation, because the terrestrial relay 
links at VHF are at higher frequency bands, which is much 
abundant in Nigeria and may be particularly affected if these 
variations are not considered during the design of radio link 
within Minna and Lapai. This study further highlights the 
relationship between rain rate and specific attenuation within 
this period. Using the rainfall data from these weather stations, 
it was observed that a power-law relationship exists between 
rainfall rates of different integration times, while the peak 
activities of rain rate are hidden at higher integration times. 
Equally, the specific and total degradation increases with 
increasing operating frequency and also depends on 
polarisation. This result indicates that there is high rain rate 
and rain attenuation in the tropical climate areas of Minna and 
Lapai, which is as expected, when compared with other 
studies [23]. These results will be of useful for both earth- 
satellite and terrestrial links, because the degradation is 
influenced by the frequency, polarisation type and rain rate. 
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